Two points are ignored in the theoretical studies of hard parton energy loss in, e.g., Au-Au collision at RHIC: 1. The biased measurement of hadron multiplicity to identify centrality could break the unitarity from summing up all final states, which is necessary for the proof of factorization to define parton distribution function in hadronic (hence nuclear) interactions. Factorization is the basic to identify the 'final state' effects like energy loss. 2. The 'pionization' processes which play important role in high energy hadronic interactions provide a clue to understand the unexpected large heavy quark energy loss. The infection of the multiplicity-biased measurement on factorization can be intuitively observed from investigating different cuts on the tower diagrams.
deconfinement. The latter is the main purpose of Au-Au collision experiments in relativistic heavy ion collider (RHIC) at BNL, and likely Pb-Pb collision experiments with higher energy as part of the project of large hadron collider (LHC) at CERN (Here after, we refer them as A-A collisions).
One of the genius ways to probe the state reached in the A-A collisions is the 'jet tomography' (see, e.g., [2] and refs. therein), which suggests that a parton created in the hard interactions with large transverse momentum loses a large part of its energy when passing through the hot dense medium of quarks and gluons. This leads to the phenomena such as softer hadron transverse momentum spectrum w.r.t. hadron-hadron (h-h) collisions, and the 'mono-jet' phenomena. These have been observed at RHIC, and play the dominant role to estimate the density of the medium, via various formulations [3] . Based on these formulations, one expects heavy quark energy loss is suppressed. They all consider gluon bremsstrahlung induced by the interactions with the medium as the main partonic process leading to energy loss. For the bremsstrahlung process, the famous 'dead cone' effect, which is intuitively observed in the QED case such as the difference between electron and muon while losing energy in detectors, is argued to be also applicable in the QCD case [4] . Hence one had expected that heavy quark energy loss, especially that of bottom, were strongly suppressed. However, experiments [6] on transverse momentum spectrum of leptons from heavy quark (c, b) decay indicate that the energy loss of the heavy quark is almost the same as the light ones, which contradicts to all the theoretical predictions. Though a revisit on collisional energy loss has narrowed the gap between theory and experiments, there is still necessity to study if some other partonic process(es) has been ignored which has different dependence on quark mass.
Before the calculation of energy loss, one may be asked to first investigate the validity of the factorization in the A-A collision. The conventional factorized physical picture is: Partons with large transverse momenta (w.r.t the beam) are produced in hard interactions. This is calculated employing PQCD and the nuclear-modified parton distributions. Then the hard partons propagate in the medium and lose energy before fragmenting into hadrons. This picture, at the last step (hadronization), has been questioned by the constituent quark number scaling of the viscosity observed at RHIC; and combination models seem to have more advantage than the (standard) fragmentation picture. However, it is still not clear how to reliably convolute the energy-lost hard parton sub-cross section with the combination models (see, e.g., [5] ). Furthermore, the final state interactions will affect the definition of the initial parton distribution functions except that the final states are well-arranged and summed to be unitary, as is done for h-h inclusive processes, e.g., Drell-Yan process. In the A-A collision, one expects to study the most central collision events, so that to study the most strong effects of the medium, e.g., the largest energy loss. Identifying the centrality relates with the measurement for multiplicity 1 . If one does not assume any a priori knowledge about the Glauber geometry picture to describe centrality, as well as the knowledge on the produced bulk of quark gluon system in the heavy ion collision, one finds that 'jet tomography' experiment is essentially the measurement of the hadron spectrum, with the association with the extra parameter multiplicity. In other processes, such as e + e − annihilation to inclusive hadron, lepton-hadron deeply inelastic scattering (DIS) or inclusive h-h collisions, when studying hadron spectrum, the 'unbiased' average is taken on all multiplicities (in other words, unbiased average over all "centralities"), and the relevant factorization theorems are proved [7] .
We see that the proof of factorization of hard h-h interactions relies on the unitary condition, from summing over the final states of all the collinear particles (or equally all kinds of cuts) [7] . The A-A collisions have to do the same thing. Identifying hard interaction associate with certain value (range) of multiplicity means that, when summing up the final states, we assign each state a weight function to describe the probability of this state to give the certain multiplicity. Such a modification in summing up the final states introduces non-perturbative QCD information of hadronization. So the factorization should be obviously proved, to show that the definition of the initial parton distribution function is the same one extracted from, e.g., electron-ion DIS. From this viewpoint, the worst case could be that jet tomography is unreliable, thus one has difficulties to say any words about 'QGP production' or not, if factorization fails. The jet tomography idea is so crucially dependent on the vilidity of factorization because the probe (hard parton) employed is 'prepared' just in the same A-A collision in which the 'QGP' to be probed produced. If these two stuffs can not be factorized or the hard process is not proved able to be described by the partonic processes calculable in PQCD convoluting with universal parameters extracted from other processes, the probe is meaningless. The forthcoming LHC experiment, as well as the on-going RHIC proton-proton collisions, provide very good chance to investigate this problem experimentally. The key point is to measure the momentum spectra of hadrons in h-h scattering associate with multiplicity, then one can get, e.g., d
2 σ 
If it is simply almost 1, this may show the biased measurement will not affect factorization significantly. Then it is safe to study the conventional R AA or R AA cp , etc., as the experiments of RHIC have got. If we should find the contrary case, It is suggested to study the
hA cp , respectively, to clarify the real initial state and the final state effects. As above, both in these two definitions, the 'c' for maximum multiplicity and 'p' for minimum.
In these measurements, some 'effective' fragmentation function associate with large multiplicity is also very important for estimating the QCD background for high-multiplicity signal for 'new' physics at LHC, such as black hole, special quark bound states, which dominantly decay into gluons and then 'fragment' into hadrons.
We notice that such kind of benchmark measurements in d-A (and h-A) [8] , i.e., the centrality dependent of spectrum, have been done. The results show weaker dependence on centrality in d-A rather than A-A. This points to the existence of strong final state effects, and seems to indicate R hh cp may be near one. However, as for the purpose to clarify, the self-consistent and universal definition of 'centrality' is crucial. Especially for the h-h case, where one seems not able to use detectors like ZDC etc., hence completely depending on multiplicity measurement. So consistent measurements for all h-h h-A A-A processes associate with multiplicity for comparison are still expected. It is still not clear how to get the correspondence for certain centrality value between h-h, h-A and A-A collisions, without model-dependence.
Having in mind this observation, it is more interesting to investigate how and to what extent various partonic processes are affected by the multiplicitybiased measurement. One of the most important examples is the process described by the "tower diagrams" ( Fig. 1) , which is very important for the energy-dependence behaviour of the cross sections at high energies for gauge theories, hence hadronic interactions [9] . The cut tower diagrams (splitting the tower, as in Fig. 1 , with the cut position (a)) describe the multiproduction processes, which belong to the 'pionization product' [10] (In this paper, we will use pionization to refer to the cut tower diagrams, especially the lowest order pair production one.). This kind of diagrams are different from the standard ladder diagrams with the latter describing collinear radiations (by 'standard' here we refer to the one considered in the derivation of, e.g., DGLAP equations rather than various considerations in small x physics). The differences will be discussed in more details in the following. One of them is the phase space. Here we use k to denote the momentum of the radiated gluon or the total momentum of the 'shaked-off' particle pair. For bremsstrahlung (ladder diagrams, vertical or horizontal), it is dominantly collinear, k
depending on the direction of the parent particle). For the pionization process, the rate k + /k − hence the rapidity of the pairs can take any value. So they naturally lead to the 'rapidity plateau' (width ∼ lns, with s the CMS energy square) of multiplicity (total multiplicity ∼ lns) distribution in h-h interactions. The experimental results are the summation of the pionization and the bremsstrahlung.
The key attack of this diagrams on factorization is as following: In h-h (A-A) collision, except the hard parton, all the final states of the 'soft' interactions are summed to get the unitarity, so that the poles in the initial states can be integrated by the contour deformation and the parton distribution function can be well defined. This means that we should sum all cuts of all the diagrams, including all cuts on the tower diagrams. From Fig. 1 we can see that different cuts lead to different final states with different parton multiplicities: two particle final (Fig. 1, cut positions (b) ) or multi-particle final states (Fig. 1, cut position (a) ). The multiplicity measurement in A-A, hence biased the "pionization" sub-process with the cut splitting the tower, indicates that we assign different weight factors for different final states (different cut) when summing up the final states of soft processes (the weight factors describe and are determined by the hadronization physics, in principle). Such an analysis is also applicable for consideration on bremsstrahlung, where different cut positons also correspond to different numbers of final state partons. Whether this way of summation over final states will lead to unitary or not, we leave it to further investigations.
In the following, however, we will show how important the pionization process' contribution to parton energy loss. We intuitively suppose the quark or gluon is well prepared, with definite energy and momentum. It passes through the medium, losing energy, via bremsstrahlung as well as pionization processes induced by the interaction with the medium. Before discussing in details, we mention that this is the pionization sub-process caused by the interaction between the well-prepared 'final state' hard parton and the . The 'active' partons interact via vector particle with the latter represented by wavy lines, which mimic the gluons. The 'inactive' parton lines represent all the remnant constituents of the bound state particles. The vertical 'tower', with indefinite number of parton boxes (we only draw two in the diagram), can connect between any two parton lines, active or inactive, and all cases should be summed. We use the dashed line with arrow to show the positions of the vertical cut on the particle lines. medium, with the latter effectively described by the external field. This is not the one caused by interactions between different initial partons (the parton in the beam direction). On the other hand, to get experimental data, e.g., the 'Gaussian' like multiplicity distribution on rapidity in 'central' A-A collision, one should take into account both these pionization sub-processes: the one contributing to final state parton energy loss, and the one initialized by the initial partons. Needless to say, the bremsstrahlung process also should be taken into account.
For the present purpose, we will only discuss the lowest order pionization process (pair production), and employ the most straightforward BDMPS framework [11] , which is more intuitive but consistent with others, especially the basic partonic process which is the key point to be investigated in this paper. We ignore the discussion of the treating of the medium here.
The notations for the variables are the same as [11] . We reproduce Fig.  2 of that paper (here it is also Fig. 2) , on which the momenta are denoted. We also use ω and E for the bremsstrahlung gluon energy and the hard parton energy, respectively. The light cone variables are
The hard parton goes along z direction hence its '+' component is the largest. The component of the radiated gluon contributing to energy loss is k + , i.e., the hard parton momentum p → (1 − x)p, with x = k + /p + . From the Feynman diagrams in Fig. 2 and the calculation of ref. [11] , it is easy to find that the amplitude is dependent on k T and q T and is suppressed by inverse power of them. The largest cross section hence dominates in the phase space corresponding to E ≫ ω ≫ k T , which is adopted in all the present derivations for the formula of the energy loss. Because only one gluon is radiated and on mass shell, k − is fixed by the k T and k + . Then we get that the rapidity (= ln(k + /k − )/2) of the bremsstrahlung gluon is large for E ≫ ω ≫ k T . This is the typical property of massless particle bremsstrahlung. This observation is straightforward, especially by analyzing two Feynman diagrams from the left of Fig. 2 , which contribute to M1, named by the authors of [11] .
Contrary to the case of photon, which is always measurable except under the kinematical threshold set by the detector, the calculation on the gluon bremsstrahlung generally has an ambiguity for gluon confinement. Because gluon is not able to be observed directly, one has the freedom to introduce a parameter as effective mass or transverse momentum cutoff. One finds that gluon bremsstrahlung is naturally in the fragmentation region (large rapidity region); this is independent of the effective mass of gluon and the 'parent' quark mass [9] . But k T cutoff provides an up limit of its rapidity, for the case of light quark. For the case of heavy quark, the dead cone effect will make sense, eliminating the most collinear radiation.
So far is the physical picture based on the study of the bremsstrahlung: parton loses energy by radiating almost collinear (large rapidity) gluons. The difference at large energy between light quark and heavy quark lies on the 'cutoff' to eliminate the 'too collinear' (unphysical) gluon: For the heavy quark, it is the 'dead cone' angle, which is predicted by PQCD interference; for the light one, it is the unsolved soft QCD physics, simply introducing a cutoff by hand. For the small and modest rapidity region, there is no difference between heavy and light partons, i.e., the bremsstrahlung is suppressed by k T of the radiated gluon. But the pionization process, more concrete the pair production process as shown in Fig. 3 , is different.
For understanding this, let's first investigate the M2 part in Fig. 2 , which is only for non-Abelian gauge theories. In this process, k − of the gluon comes from the external field, and could be the same order of k + . The angle between the radiated gluon and the hard parton hence could be large. However, the invariant mass of the gluon is nontrivial. If it is on shell (whether we introduce an effective mass µ or not) k − is determined by k T . So the suppression factors in the gluon propagators lead that k T small and hence k − , comparing with k + . This is just the conclusion of [11] . The process is still dominant in the phase space E ≫ ω ≫ k T . On the other hand, if no restriction of mass shell on the gluon, we could see that k T and k − are independent to each other. When k T is very small, the amplitude can be very large. But now the 'fat gluon' can have arbitrary k − , as well as k + . So that its rapidity y = 1/2ln(k
can have any value, and we have the 'rapidity plateau'. In the reasonable range of rapidity value, the radiation is not affected by the quark mass, so it is the same for light as well as heavy quarks, until approaching the up limit of the rapidity value assigned by the 'dead cone'. A 'fat gluon' is inconsistent with the Perturbative QCD framework we discussed, though non perturbative QCD could give chance for such case. More important, the above analysis motivates the investigation of the higher order process, i.e., the pair production, with the invariant mass of the pair not fixed, see Fig. 3 . For the high energy parton, taking the eikonal approximation we get l ∼ (l + , 0, l T ), with l + determining the value of energy loss. But now the pair can have small total k T (that of each can be modestly large.), then the gluon propagators respectively linking the pair with the hard parton and the external field can also have small transverse momenta, i.e., l T and q T can be small. The k − of this pair comes from q − , which is independent of k T . So even for the small k T case, the rapidity can be any value and is not necessarily in the fragmentation region. When l T and q T are small, combined with the the multiplicity biased measurement, which has larger probability to select the pair production process, the extra α s suppression (higher order) w.r.t bremsstrahlung is compensated and the contribution of this kind of process is enhanced to be very important.
Of course coupling constant α s is still very important in the consideration. In the case of QED, pair production is not expected to contribute significantly to energy loss of charged leptons going through medium for photon is free of confinement and the fine structure constant is too small. But for the case of QCD, the gluon is confined, so collinear radiation should be 'cut off' by the nonperturbative QCD effects, as discussed in the following. At the same time, α s will not be small for small transverse momentum, since QCD is the asymptotically free theory.
The spectrum of the pair production can be written as [9] 
with k T the total transverse momentum of the pair. As stated above, the rapidity of the pair of particles can take any value, and its integral proportional to lnE. k − here is provided by q − , from the external field, which just models the average for all the other partons in the final state going to the opposite direction seen by the hard parton. Hence, in the rest frame of the external field, the rapidity can take the value of 0 to y max . y max is of the order the rapidity of the hard parton in this frame. So far we find that the energy loss is not only originated from radiating the near-collinear gluon, but also from dropping behind pair of particles, most of which are much slower than the hard parton. This is just the typical property of pionization.
Combining this pionization process and the bremsstrahlung, we can estimate the ratio of energy loss between heavy quark and light quark: For the diagrams (Fig.2, 3) , we see that at high energy, none of the propagator factors of gluons and quarks as well as vertex factors depends on quark mass, only the rapidity region is different: For heavy quark, the 'dead cone' angle (giving the pseudo-rapidity) provide the y max ; For light quark, the k T cutoff gives the up limit, the numerical value will be discussed in the following. For a parton with energy E, when it radiates a gluon or shakes off a pair of partons with k + (= l + ), the rapidity of the radiated gluon or parton pair depends on k − . So the averaged lost energy is proportional to
Then we integral on x in the reasonable range (ω ≪ E), and take the ratio between heavy and light quarks, the result is R H/L = y D /y C . For the heavy quark, the dead cone angle gives a natural up limit of the rapidity range, denoted as y D . While for light quark, employing the the k T cutoff, we can calculate the up limit, y C .There is no straightforward clue to relate this with the properties of the quark gluon matter. If we would like to employ the same hadronization models as in other processes, it is better to take the same cutoff. So the cutoff is about 1GeV /c. If one make the analogy with the radiation energy loss of electron and muon in QED, much lower energy gluon could be more important. However, we can argue based on the fact that the gluon is confined: A hard parton can lose energy by radiating very soft gluons which is absorbed by the quark gluon matter, but it can also combine with parton from the quark gluon matter and gain energy. So effectively, the cutoff can not be very small. Adopting such a value, we can calculate the ratio straightforwardly. We find (adopting M c = 1.5GeV, M b = 4.5GeV ) that for the c quark, the ratio R H/L is almost 90%. It is consistent with the data. In other words, even taking our discussions above as a toy model, the 'parametrization' for y C is fixed by the charm case and then it 'predicts' that for b quark, the ratio is almost 60 ∼ 70% at high energy. This means the b quark energy loss is really suppressed but not very much, quite different from the expectation from other models. We have draw the curves in Fig. 4 .
We did not discuss the collisional energy loss. For the most simplified consideration adopted in this note, one can not get much difference from that in the original work of Bjorken [12] . The above discussion seems a too simplified analysis. The key obstacle that blocks us to make detailed analytical and numerical investigations is the worry about the factorization for the multiplicity-associate measurement. Before this is fixed, precision is meaningless.
In conclusion, by the intuitive analysis on the 'pionization' process, especially the lowest order pair production, we find its important affection on energy loss, both for heavy and light quark, as well as its possible threaten on factorization formula. We appeal a further study for the proof of factorization, and then a systematic calculation of energy loss involving the consideration on the pionization process. The measurement for R hh cp is also strongly suggested.
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